We have obtained an H 2 v 1±0 S(1) image of a merging galaxy system, NGC 6090, by using a Fabry±Perot imager. The H 2 emission originates between the double nuclei of premerger galaxies, and exhibits an arc-like or ring-like structure almost connecting the double nuclei. This structure is similar to that suggested for Arp 220 from the velocity field measured by CO radio emission. The separation of the double nuclei in NGC 6090 is 5± 6 arcsec, corresponding to a projected distance of 3±4 kpc. This is much larger than that of Arp 220 and suggests that the molecular gas distribution can form an organized shape between the nuclei, such as a ring, in a rather early phase of merging.
I N T R O D U C T I O N
obtained CO radio maps of luminous infrared galaxies at early/intermediate stages of interaction. Their emphasis was on the phase, so that they complemented previous CO maps that concentrated on relatively advanced merger systems (Scoville et al. 1991; Downes & Solomon 1998) such as Arp 220. NGC 6090Mrk 496, which has two arched tails (Bergvall 1981) and is similar to NGC 4038/39 Arp 244 `The Antennae', one of Gao et al.'s (1999) sample galaxies. The CO map of this intermediate-phase merging galaxy system NGC 6090 (Bryant & Scoville 1999) showed one dominant component between two radio continuum peaks. Because near-infrared H 2 emission lines trace molecular gas in active galaxies (e.g., Sugai et al. 1999 ),we have obtained the H 2 v 1±0 S(1) image of NGC 6090 with high spatial resolution in order to investigate the molecular gas distribution, morphology, and its origin/evolution.
O B S E RVAT I O N S
We obtained line images in the H 2 v 1±0 S(1) transition using a Fabry±Perot imager mounted on the Cassegrain focus of the UKIRT 3.8-m telescope on Mauna Kea, Hawaii, on 1998 May 12. A K-band etalon with 50-mm effective aperture made by Queensgate Instruments was set in a collimated beam. A cooled narrow-band filter (2.4 per cent) was used for sorting one order of interference. We used the near-infrared camera, IRCAM3, which has a 256 Â 256 InSb array, and we selected a pixel scale of 0.3 arcsec. Wavelength calibration was carried out using a Krypton lamp. The spectral resolution was 325 km s
21
. The peak transmission at the target object position was set at its systemic velocity, v helio , 8750 km s 21 (cf. de Vaucouleurs et al. 1991; Kim et al. 1995) . The velocity field measured in CO 1±0 emission by Bryant & Scoville (1999) shows that the CO 1±0 velocity appears larger than the above velocity: the first velocity moment in CO 1±0 emission can differ from our setting by up to 100 km s
. If the velocity profile of the H 2 emission is similar to that of the CO 1±0 emission, we sample somewhat better for bluer components. For each line image, we repeated the following observing sequence: (1) a line frame, (2) a continuum frame, (3) a line frame again and (4) a continuum frame on the opposite side of the line. We defined two positions close to the centre of the frame. For every observing sequence, the galaxy was placed alternately on each position, and hence the sky could be removed by simply subtracting two frames, each containing an image of the galaxy. This was repeated until we had integrated for a total time of 36 min on the source. After sky subtraction from each object frame by the corresponding wavelength sky frame, we carried out flat-fielding by using sky frames with the same wavelength setting. We made a transmittance correction, which included atmospheric absorption and the transmittance of the order-sorting filters, by using standard stars observed at a similar time and air mass and at the same wavelength setting. For the standard stars, we used an A1 V star (BS 5467) and an A4 V star (BS 6509). The overall image resolution was 0.5 arcsec, including all effects, e.g. seeing, tracking errors and co-addition of frames. When the final image was smoothed by a 3 Â 3 pixel running mean, the resolution was 1.0 arcsec. which is smoothed by a 3 Â 3 pixel running mean. The superposed contour is for the line-free adjacent continuum. We find that the H 2 emission originates mainly between the double continuumemission peaks. The H 2 emission almost connects the double peaks but is weak at the double peaks themselves. The emission is resolved into an arc-like structure with a curvature toward the southeast. When we trace the arc further in fainter emission, it seems to turn up before reaching the double continuum peaks. Both ends of this arc appear almost to connect back to each other. We propose that this structure may actually consist of a ring-like structure, which will be discussed later. The apparent width of the arc/ring is unresolved, perhaps partly because of its faintness. A secure upper limit would be ,0.5 kpc, although it may actually be significantly smaller. We find inhomogeneities in the H 2 surface brightness along the structure. The velocity structure could affect the H 2 observations since our Fabry±Perot observations were not carried out using a scanning method. The effect of this, however, will be relatively small and spatially smooth because the first velocity moment, at least measured in CO 1±0 emission (Bryant & Scoville 1999) for the position of the arc/ring, varies smoothly and only by a small amount spatially (see Section 3.2). While some of the inhomogeneities in the H 2 surface brightness may be the result of the difference in viewing direction and in extinction, some of them will reflect physical inhomogeneities along the structure.
R E S U LT S
From a comparison of their high-resolution near-infrared broadband images with the 1.49 GHz radio continuum map (Condon et al. 1990) , Dinshaw et al. (1999) found that the position of the near-infrared bright point source in the south-western galaxy is offset from that of the south-western radio peak by ,1 arcsec. They suggested that enhanced diffuse emission near the southwestern radio nucleus, rather than the near-infrared bright point source, is a more likely candidate for the nuclear region of the south-western galaxy. If this is the case, only the nucleus of the south-western galaxy is on the arc/ring found in H 2 emission. If we instead take near-infrared continuum peaks as double nuclei, the geometry is more symmetric: both nuclei are slightly outside of the extension of the arc/ring.
The structure of the H 2 emission component between the double nuclei becomes more clear when we subtract the H 2 emission components associated tightly with the galaxies themselves, such as with their nuclei and arms. Fig. 1 shows diffuse H 2 emission to the north-west and south-east of the north-eastern nucleus and possibly also south of the south-western nucleus. The diffuse H 2 emission is associated with the near-infrared continuum emission. In order to remove the H 2 emission associated with each galaxy and to emphasize the residual component, we have artificially subtracted a small fraction of the continuum image from the line image. In Fig. 2 the subtracted H 2 emission strength corresponds to the equivalent width of 3.6 A Ê . This equivalent width is within a narrow distribution of the H 2 equivalent widths for luminous infrared galaxies (Goldader et al. 1995 : peaked at 3±6 A Ê ). The distribution of the residual H 2 emission seems to show a ring-like structure. This suggests that the H 2 emission consists of two components: (1) a component directly associated with structure in each galaxy, which has an equivalent width of about 3±4 A Ê or so, and (2) a component located between the double nuclei and not associated directly with each galaxy. It is possible to estimate parameters of the possible ring from our H 2 image. The length of major axis of the ring is ,3.9 arcsec, corresponding to 2.3 kpc (the distance to NGC 6090 is assumed to be 123 Mpc using H 0 of 75 km s 21 Mpc 21 and the Virgocentric flow model of Aaronson et al. 1982) . The position angle of the major axis is estimated as 608. Because the estimated minor/major axis ratio is ,0.59, the inclination of the ring axis will be ,548 from line of sight if we assume a circular ring. If the ring has formed within the plane of the galaxy interaction, its position angle and inclination should hold also for the interaction plane. A large inclination of the interaction plane is consistent with the apparent morphology of tidal tails observed in this merging system (Bergvall 1981; Mazzarella & Boroson 1993) . In the process of reproducing the crossed tails in NGC 4038/39, Toomre & Toomre (1972) found no tail crossings in any view that were roughly along the axis of interaction plane, while they found rich possibilities to reproduce tails which look like a pair of gull wings in views with large inclinations from the axis of interaction plane. Fig. 3(a) is the same as Fig. 1 , but is superposed on a CO 1±0 map obtained by Bryant & Scoville (1999) . The CO map has some similarities to our H 2 image although their spatial resolution of 3X2 Â 2X2 arcsec 2 was lower than ours. They found a single dominant component peaking between the two nuclei, and that the core of CO emission was elongated along the direction between the radio nuclei. The CO map shows diffuse emission to the northwest of the north-eastern nucleus. All of these are seen in our H 2 image. Fig. 3(b) shows contours of the H 2 emission, which are smoothed to a spatial resolution similar to that of the CO contours. From a comparison between the H 2 and CO emission contours, we find that the intensity peak of H 2 emission almost coincides with that of CO emission, although the H 2 peak might be only slightly closer to the north-eastern nucleus. Both the H 2 and CO contours have a diffuse component to the north-west of the north-eastern nucleus. These similarities support the hypothesis that the H 2 emission traces the distribution of molecular gas at least qualitatively, as suggested by Sugai et al. (1999) in the interacting galaxy system Arp 299. The distribution of the H 2 emission may have some differences in detail from that of the CO emission: it seems that the CO emission has a weak extension towards the north-west and south-east of its core, as well as north-east of the north-eastern nucleus, which is not apparent in the H 2 . There may be perhaps some cold molecular gas in these directions which is not associated with hot gas. Nevertheless, the H 2 and CO are generally similar and in particular, almost everywhere that we find H 2 emission, we also find CO emission. Hot H 2 gas seems to coexist always with cold H 2 gas, although cold gas can exist . The hatched ellipses represent the half-power beam size for the CO observations. The two`+' symbols represent the positions of the peaks of the 1.49-GHz continuum emission (Condon et al. 1990 without hot gas in some places. This tends to imply that if the H 2 emission has a ring-like component, the CO emission will also include the same structure. In order to find support for the existence of a ring in CO emission, we have investigated the CO velocity field (Bryant & Scoville 1999) at the position of the proposed ring-like structure. Fig. 3(c) compares our H 2 image with the CO 1±0 velocity field. Although the velocity field has a complex shape and appears to be distorted, it is relatively organized within the ring-like structure, as in the case of rotation. This provides indirect and dynamical evidence for the existence of such a structure. Our interpretation is that the velocity field in Fig. 3(c) consists of two main components: a rather ordered rotation in a ring, with a rotation velocity of about 25asin 548 , 31 km s 21 at a radius of 1.2 kpc, and another component north-west and perhaps also south-east from the north-eastern nucleus. The latter may reflect the kinematics in the north-eastern galaxy. Bryant & Scoville (1999) derived gas mass from the CO flux and using the standard conversion factor, and found that the gas mass exceeded the dynamical mass by a factor of 3.7 without a correction for inclination. They proposed that if the angle of inclination between our line of sight and the rotation axis is 308, the dynamical mass estimate becomes roughly equal to the gas mass. Our H 2 image, however, suggests a significantly larger inclination, ,548, which implies that the inclination effect is not the most critical factor in the apparent discrepancy between the two masses. The more important cause is the overestimate of gas mass, which is probably a result of the conversion factor being different from the standard one.
Comparison with CO map

Organized structure formed by merging
The well-organized structure between double nuclei is similar to the configuration which was proposed for Arp 220 from its velocity field measured in CO radio emission (Scoville, Yun & Bryant 1997; Downes & Solomon 1998) . Scoville et al. (1997) argued that the fact that the bulk of the molecular gas has relaxed into a disc (or ring) with large masses of gas concentrated interior to the double nuclei, is consistent with the scenarios in which the gas in merging systems settles into the centre faster than the two stellar/starburst nuclei. Our H 2 image of NGC 6090 provides direct evidence that its gas has settled into a well-organized shape, most likely a ring, between the double nuclei, although NGC 6090 is in an intermediate stage of galaxy interaction. The separation of the nuclei is 6.4 arcsec (for the infrared peaks) or 5.4 arcsec (for the radio peaks), corresponding to a projected distance of 3.8 or 3.2 kpc. The separation is much larger than that of Arp 220, where the double nuclei are separated only by 340 pc (e.g. Sakamoto et al. 1999) . This suggests that an organized shape of the molecular distribution between the nuclei can form in a rather early phase of merging. The estimated rotational velocity of the ring in NGC 6090 is smaller than the estimated rotational velocities of the rings proposed by Downes & Solomon (1998) for infrared ultraluminous galaxies, from 220 to 350 km s 21 . This is probably because the ring in NGC 6090 is larger in size than the proposed rings in infrared ultraluminous galaxies. The ring may evolve into a smaller one which rotates faster when the merger advances.
Star formation in the nuclei and arc/ring
Optical spectra for the continuum peaks showed that they are undergoing starbursts (Mazzarella & Boroson 1993) . The comparison of the He i 2.0587 mm/Brg line ratio measured by Doherty et al. (1995) , 0X641^0X018Y with models by Shields (1993) , suggests that the effective temperature of ionizing stars is around 40 000 K, corresponding to that of an O6 star. This is consistent with the starburst age, about 5 Myr, estimated by Gonza Âlez Delgado et al. (1998) using near-ultraviolet absorption lines such as Si iv l1400 and C iv l1550. Because the age of O6 stars is 6 Myr, the dominant population for ionizing gas is the hottest stars, ,O6 stars, in this corresponding starburst phase. The Brg luminosity measured by Doherty et al. (1995) corresponds to ,10 5 O6 stars. The high-resolution near-infrared colour image obtained by Dinshaw et al. (1999) shows that four bright knots/clusters appear bluer than the underlying galaxies and have colours consistent with young (#10 7 yr) star clusters. These clusters are located at the west side of the north-eastern galaxy. Two of these clusters are located in the arc/ring found in the H 2 emission. Dinshaw et al. (1999) also found red bright knots at the west side of the northeastern galaxy and at the east side of the south-western galaxy. These are young stars reddened by interstellar dust or evolved unreddened stars. We speculate that one possible reason why bright clusters in each galaxy are located at the side nearest to the other galaxy may be that the gas component associated with each galaxy interacts with the arc/ring there, causing intense star formation.
In other places in the arc/ring, violent star formation has not yet occurred: we see almost no near-infrared continuum emission, which suggests that there are few giant and supergiant stars. Radio continuum maps obtained by Condon et al. (1990) and Batuski, Hanisch & Burns (1992) show no or only weak emission between the double nuclei, implying little star formation activity there. The lack of star formation in the arc/ring is probably a result of its low gas surface density (Bryant & Scoville 1999 ).
Possible H 2 excitation mechanism
The lack of near-infrared continuum emission and the weakness of the radio continuum emission in the arc/ring suggest that the H 2 line emission there is unlikely to originate from star formation activity. The H 2 emission may be excited by gas dissipation such as suggested by Tacconi et al. (1999) for NGC 6240. The properties of molecular gas in NGC 6090, however, differ from those in NGC 6240 in the following points: (1) much weaker H 2 emission (cf. Sugai et al. 1997) ; (2) much smaller velocity dispersion (Bryant & Scoville 1999) ; (3) much lower gas surface density (Bryant & Scoville 1999) . The apparent nuclear separation is larger in NGC 6090, which may suggest that it is in an earlier phase of merging. A possible scenario for explaining these differences is this: because the relative velocity between the double nuclei in NGC 6090 is small, gas infalling toward regions between the nuclei does not yet have a large velocity dispersion. A small line-of-sight velocity difference is actually found between the double nuclei (Mazzarella & Boroson 1993; Kim et al. 1995) . Gas dissipation has just begun, producing only weak H 2 emission. When the merging continues and the gas falls much closer to the centre of mass, the velocity dispersion will increase significantly. In this phase, gas dissipation will become strong enough to produce high luminosity of the H 2 emission, such as is found in NGC 6240.
C O N C L U S I O N S
We have found an arc-like or most likely ring-like structure in the H 2 v 1±0 S(1) emission between the double nuclei of NGC 6090, a galaxy-merging system in an intermediate phase. The morphology of the emission has similarities to that of the CO 1±0 emission obtained by Bryant & Scoville (1999) , when the spatial resolution is matched. This similarity supports the hypothesis that the H 2 emission traces the distribution of molecular gas at least qualitatively, as suggested by Sugai et al. (1999) in the interacting galaxy system Arp 299. The velocity field of the CO 1±0 emission is interpreted with two components: a relatively ordered slow rotation in a ring and another component directly associated with the north-eastern galaxy. The existence of a well-organized structure, such as an arc almost connecting the double nuclei or more likely a ring, in a relatively early phase of merging will put significant constraints on simulations of mergers. The estimated inclination angle between our line of sight and the rotation axis of the ring is ,548. This is too large for inclination effects to explain the discrepancy between the estimated gas mass and the dynamical mass. The conversion factor from CO luminosity to H 2 gas mass in NGC 6090 must differ significantly from the standard one.
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